ABSTRACT Background: Conjugated linoleic acid (CLA), which is present in milk products and meat from ruminants, appears to have anticarcinogenic activity against breast cancer in animal and in vitro experiments. To date, few epidemiologic data are available in humans.
INTRODUCTION
In the 1970s, breast cancer was associated with fat intake on the basis of national incidence and mortality rates for breast cancer and national per capita fat consumption (1) . Since then, many epidemiologic studies focused on the relation between total fat intake and breast cancer. From reviews and pooled analyses it can be concluded that cohort studies present no evidence of a positive association between total dietary fat intake and breast cancer, but case-control studies occasionally do so (2) (3) (4) .
Few studies that have examined the relation between intake of fat or fatty acids and the risk of breast cancer have addressed the role of trans fatty acids (TFAs; [5] [6] [7] [8] [9] . Dietary TFAs predominantly derive from industrially hydrogenated vegetable and marine oils but are also found naturally in dairy and other animal fats. The major TFA in milk, butter, and beef fat is trans vaccenic acid (11t-18:1). A specific fatty acid with suggested anticarcinogenic properties is conjugated linoleic acid (CLA), which also is primarily found in dairy products and meat from ruminants and is hardly present in vegetable products. The anticarcinogenic and other properties of CLA were recently reviewed (10, 11) . CLA is a collective term describing a mixture of positional and geometric conjugated diene isomers formed as intermediates in the biohydrogenation of linoleic acid to trans vaccenic acid or elaidic acid (9t-18:1) by anaerobic bacteria in the rumen of ruminants. The double bonds in CLA are conjugated-ie, contiguous-unlike the double bonds of linoleic acid, which are separated by a methylene group. The isomer most commonly occurring (> 80%) in dairy products is 9c,11t-18:2 (12) . The anticarcinogenic activity of CLA has been shown in a wide range of animal models (13, 14) since 1979, when a lipid fraction of cooked ground beef was shown to have anticarcinogenic activity (15) , and further characterized as a mixture of 4 CLA isomers (16) . In vitro studies showed that physiologic concentrations of CLA inhibit the growth of human breast cancer cells in a dose-dependent manner (17) (18) (19) . Animal experiments showed that CLA inhibits the formation of breast tumors in rats at dietary concentrations of 0.1-1.0% (by wt) (20) . Concentrations of CLA higher than 1% appeared to have no additional protective effect (21) . The protective action of CLA is independent of the diet's total fat content, the type of dietary fat (saturated or unsaturated) (22) , or the concentration of linoleic acid in the diet (21) . Supplementation of CLA to rats during the developmental stage of the mammary gland only was found to confer lifelong protection against breast tumors (20) . CLA concentrations in breast tissue relate inversely to the rate of formation of new tumors after the administration of a carcinogen to adult rats (23) . Different CLA concentrations in the diets of mice (0.1%, 0.3%, or 0.9%) were found to exert specific effects on the immune system but had no effect on tumor growth and tumor volume after infusion with metastasizing breast cancer cells (24) . Possibly CLA selectively inhibits the growth of estrogen receptorpositive breast cancer cells-a relation found in vitro (25) .
CLA intake in Germany was estimated at 0.35 g/d for women and 0.43 g/d for men (12) . CLA concentrations in milk and dairy products vary considerably by a factor of up to 10 in studies in which large numbers of samples are analyzed. Because CLA concentrations are dependent on feed composition and use of supplements, seasonal fluctuations in CLA concentrations are seen. On average, CLA concentrations in milk and dairy products range from 0.2 to 1.6 g/100 g fat (12, (26) (27) (28) .
On the in vivo relation between CLA intake or tissue concentrations and risk of human breast cancer, few data have been published, from case-control studies only, with contradictory results (29) (30) (31) (32) . Within the framework of the Netherlands Cohort Study on Diet and Cancer (NLCS), we used data on CLA concentrations and other fatty acids in Dutch food products derived from the TRANSFAIR study (33) . With the use of these data, previous analyses of total fat and several types of fat and breast cancer incidence (34) were updated and extended with individual fatty acids, including CLA and the very-long-chain nϪ3 polyunsaturated fatty acids (fish nϪ3 PUFAs), which also have suggested anticarcinogenic properties (35) .
SUBJECTS AND METHODS

The Netherlands Cohort Study
The NLCS is a prospective cohort study that began in September 1986. The study design was reported in detail elsewhere (36) . In brief, the cohort included 62 573 women aged 55-69 y at the beginning of the study, originating from 204 municipalities with computerized population registries. A self-administered mailed questionnaire on dietary habits, lifestyle, smoking, personal and family history of cancer, and demographic data was completed at baseline.
Accumulation of person-time in the cohort has been estimated by biennial follow-up for vital status information of a subcohort of 1812 women, randomly selected after baseline exposure measurement. No subcohort members were lost to follow-up. The study was approved by the Institutional Review Boards of TNO Nutrition and Food Research and of Maastricht University.
Identification of cases of breast cancer
The method of record linkage to obtain information on cancer incidence was described previously (37) . In short, follow-up for incident cancer was established by computerized record linkage for the entire cohort with all regional cancer registries in the Netherlands and with the Dutch national database of pathology reports. Completeness of cancer follow-up was at least 96% (38) .
The food-frequency questionnaire
The dietary section of the questionnaire was a 150-item semiquantitative food-frequency questionnaire. The questionnaire concentrated on the habitual consumption of food and beverages during the year preceding the start of the study. Among the principal dietary variables were energy and fat intake. Questionnaire data were key-entered twice and processed for all incident cases and subcohort members in a manner blinded with respect to case and subcohort status. This was done to minimize observer bias in coding and interpretation of the data. Main nutrient intakes were calculated with the use of the Dutch food composition table (39) . Intakes of specific fatty acids were calculated from a separate database derived from the TRANSFAIR study. This was a market basket study in 14 European countries in each of which a maximum of 100 foods contributing most to the total fat intake of the country were sampled and analyzed as methyl esters of the fatty acids present in the foods. All analyses were performed in one central laboratory. In the database, total fat included triacylglycerol and other lipids, such as phospholipids and sterols. The percentage of triacylglycerol in total fat is assumed to be 93% on average, but it varies across food sources (33) .
The food-frequency questionnaire was validated against a 9-d diet record. Pearson correlation coefficients between the dietary record and the questionnaire varied from 0.40 for vitamin B1 to 0.86 for alcohol intake, with a median of 0.69. For the exposure variables under study crude (and energy and sex adjusted) Pearson correlation coefficients were as follows: energy, 0.74; total fat, 0.72 (0.52); saturated fat, 0.73 (0.58); and polyunsaturated fat, 0.73 (0.75) (40) .
Population for analysis
Subjects who reported prevalent cancer at baseline other than nonmelanoma skin cancer, subjects without microscopically confirmed cancer, and subjects with incident in situ carcinoma were excluded. From the subcohort, prevalent cancer cases other than nonmelanoma skin cancer were excluded as well. Subjects with incomplete or inconsistent dietary data were excluded from analyses. Criteria for exclusion were 1) subjects who left blank ≥ 60 (of 150) items in the questionnaire and reported eating < 35 items ≥ 1/mo or 2) subjects who left one or more item blocks (grouping of items, eg, beverages) blank. More details are given in a separate report (40) . In the first 6.3 y of follow-up (September 1986-December 1992), 941 incident breast cancer cases and 1598 subcohort members were left for analyses.
Data analysis
In the present analysis, exposure variables included intake of total energy, total fat, animal fat, vegetable fat, total fatty acids, saturated fatty acids, monounsaturated fatty acids, polyunsaturated fatty acids, trans unsaturated fatty acids, cis unsaturated fatty acids, and specific fatty acids including palmitic acid, stearic acid, oleic acid, linoleic acid, linolenic acid, arachidonic acid, and the fish nϪ3 PUFAs eicosapentaenoic acid and docosahexaenoic acid. For CLA, the total of the 9c,11t and 9t,11c isomers is used. The TRANSFAIR data on 18:1 trans-isomers were roughly separated into "predominantly trans vaccenic acid" and "other 18:1 trans-isomers" based on food sources. To do so, the 18:1 trans-isomers in fat, meat, or milk from ruminants have been assumed to be predominantly trans vaccenic acid, whereas 18:1 trans-isomers from other sources were considered to be low in trans vaccenic acid. Fat intake was adjusted for energy intake (41) .
Other exposure variables were intake of CLA-containing food groups: milk and milk products [categorized as whole milk (and products), semiskim milk (and products), fermented whole milk (and products), and fermented semiskim milk (and products)], cheese, fresh meat, and processed meat. Subjects were classified into quintiles or categories of consumption (g/d), based on the distribution in the subcohort. In general, categories were used instead of quintiles when a large proportion of subjects were nonusers or when for another reason distributions in approximately equal quintiles led to problems. Analyses were performed with the case-cohort approach (42): cases were enumerated for the entire cohort, and the person-years at risk of the entire cohort were estimated for the subcohort sample.
Rate ratios (RRs) and 95% CIs were computed for quintiles or categories of intake with the statistical package STATA (43) . Exponentially distributed survival times were assumed in the follow-up period. Tests for trend in RRs were based on two-sided likelihood ratio tests. Both age-adjusted and multivariate analyses were conducted. To enable comparison, age-adjusted analyses were restricted to subjects included in multivariate analyses (eg, with no missing values on confounders included in the multivariate model). As in our earlier publication, confounders adjusted for in the multivariate analyses were age, history of benign breast disease, maternal breast cancer, breast cancer in one or more sisters, age at menarche, age at menopause, oral contraceptive use, parity, age at first childbirth, Quetelet index, education, alcohol use, current cigarette smoking, total energy intake, and total energy-adjusted fat intake. The addition of energyadjusted fat to the model was performed to study the independent effect of each individual fatty acid (or fat subgroup) on breast cancer incidence by substituting it for any other type of fat (34) . To eliminate the effect of potential undiagnosed disease on fat intake, analyses were repeated excluding (arbitrarily) those cases that were diagnosed during the first 2 y of follow-up.
RESULTS
In Table 1 mean intakes of energy and energy-adjusted fat and fatty acids are presented for breast cancer cases and subcohort members. Differences in energy and nutrient intakes were very small, as was the case with intakes of CLA-containing product groups: milk and milk products, cheese, and fresh or processed meat ( Table 2) . Mean intake of CLA was 0.2 g/d, 29% of which originated from butter, 21% from cheese, and 19% from milk and milk products ( Table 3) . Twenty-four percent of CLA came from meat, particularly beef and ground meat. Age-adjusted and multivariate RRs of breast cancer incidence were calculated for quintiles of energy and energy-adjusted fat intake ( Table 4) . Multivariate adjusted RRs were essentially the same as age-adjusted risk estimates, except that for monounsaturated fatty acids the multivariate RR was substantially lower than the age-adjusted RR. In multivariate analyses, no statistically significant trends were found for associations between breast cancer incidence and energy intake, intake of fat, vegetable fat, animal fat, total fatty acids, and total polyunsaturated fatty acids. Multivariate RRs for the highest compared with the lowest quintile were between 1.02 and 1.05 for energy intake and for vegetable and animal fat. For total fat and total fatty acids, the RRs were 1.16 (95% CI: 0.87, 1.56) and 1.13 (95% CI: 0.84, 1.52), respectively. For polyunsaturated fatty acids, the RR was 0.88 (95% CI: 0.65, 1.21).
Higher breast cancer incidence was observed with higher intake of trans unsaturated fatty acids (multivariate RR for the highest compared with the lowest quintile: 1.30, 95% CI: 0.93, 1.80; P for trend = 0.01), and borderline with saturated fatty acids (RR: 1.40, 95% CI: 0.97, 2.03; P for trend = 0.11). Inverse associations were found for total monounsaturated fatty acids and cis unsaturated fatty acids (RRs for the highest compared with the lowest quintile: 0.61, 95% CI: 0.38, 0.96; P for trend = 0.001, and 0.79, 95% CI: 0.54, 1.17; P for trend = 0.04, respectively).
In Table 5 , RRs for specific fatty acids are presented. Statistically significant trends with breast cancer incidence were not found for most fatty acids. For palmitic acid, stearic acid, linoleic acid, other 18:1 isomers, arachidonic acid, and the fish nϪ3 PUFAs eicosapentaenoic acid and docosahexaenoic acid, multivariate RRs for the highest compared with the lowest quintile were between 0.89 and 1.01. Statistically significant positive trends were observed for CLA and trans vaccenic acid (multivariate RR for the highest compared with the lowest quintile: 1.24, 95% CI: 0.91, 1.69; P for trend = 0.02, and 1.34, 95% CI: 0.98, 1.82; P for trend = 0.006, respectively). Statistically significant negative trends were observed for oleic acid and linolenic acid (multivariate RR for the highest compared with the lowest quintile: 0.67, 95% CI: 0.44, 1.03; P for trend = 0.001, and 0.70, 95% CI: 0.51, 0.97; P for trend = 0.006, respectively).
On the basis of multivariate analyses, breast cancer incidence seemed not to be related to intake of milk and milk products or to specific subgroups of milk products, based on fat content or fermentation ( Table 6) . No associations were found for cheese, fresh meat, beef, or processed meat. A statistically significant positive trend with butter, the major source of CLA, was only present in the age-adjusted analysis but was less apparent when multivariate analysis was used. Intake of pork showed a statistically significant negative trend with breast cancer incidence, with a multivariate RR for the highest compared with the lowest quintile of 0.80 (95% CI: 0.60, 1.08) and a P for trend of 0.02.
DISCUSSION
The present study has almost twice the number of cases of our previous publication, issued after 3.3 y of follow-up (34), and conclusions drawn then can be grossly confirmed. Again, no relation was observed between intake of energy, total fat, or polyunsaturated fat and breast cancer incidence. In line with earlier results, intake of saturated fat showed a slightly positive association with breast cancer incidence, with a similar RR, but was not significant in the present analysis. With respect to monounsaturated fat, RRs for the upper compared with the lower quintile of intake were slightly lower (0.61 compared with 0.75 in the earlier analysis) and the trend was now significant. The multivariate RR for monounsaturated fatty acids was substantially lower than the ageadjusted RR. The main factor responsible is the adjustment for energy-adjusted total fat intake. In other words, substituting monounsaturated fat consumption for any other fat is related to a decrease in breast cancer incidence.
With the opportunity to link the TRANSFAIR database on fatty acids (33) to food consumption data and breast cancer incidence of the NLCS, we were able to study the potential protective effect of CLA on breast cancer incidence in postmenopausal women. CLA intakes were slightly lower than those estimated for Germany (based on analysis of CLA in 139 foods) (12) and approximately equal to the estimated intake in 123 Swedish men (44) . Remarkably, a higher intake of CLA appeared to be associated with a slight increase in risk of breast cancer. The observed positive trend is in contrast to experiments in animals and in in vitro studies, where CLA appears to have protective properties against breast cancer. Although an important difference is that most animal studies have been performed with a free fatty acid preparation containing a mixture of CLA isomers, one study showed that high-CLA butter fat (with predominantly the 9c,11t isomer present in triacylglycerols) has anticarcinogenic properties in rats (45) . It has been suggested that the timing of CLA provision might be important (46) . In rats, adding CLA to the diet from the early postweaning to the pubertal period only (corresponding to active morphologic development of the mammary gland to the mature state) was sufficient to reduce subsequent induced tumorigenesis later in life. When CLA was not present in the diet in this period, but only after induction of tumorigenesis, inhibition of tumorigenesis was only maximal if CLA was added continuously afterward (46) . Because the NLCS deals only with data on postmenopausal women, no data are available on CLA intake in the prepubertal period, though this might be a more important determinant of later tumor development (46) .
A positive trend similar to that for CLA was found for trans vaccenic acid, but because intakes of both fatty acids are highly correlated (Pearson correlation coefficient = 0.95), their effects cannot be separated.
The major sources of CLA in the human diet-milk and milk products and meat from ruminants-showed no relation with breast cancer incidence. Two other longitudinal studies found no relation with milk consumption either (47, 48) , but other prospective studies have reported inverse (49-51) or positive (52) associations. In a meta-analysis of cohort and case-control studies, high consumption of milk and cheese was associated with a very small increase in breast cancer risk (53) . In a recent review, 3 case-control studies reported a negative association, 5 showed no association, and 5 a positive association between milk intake and breast cancer (54) . Other studies found that lower risk of breast cancer was associated with higher intakes of whole milk but not of low-fat milk (55) . As the World Cancer Research Fund summarized in its report in 1997 (2), data on the relation between meat intake and breast cancer incidence are inconclusive, with 3 of 8 cohort studies reporting a positive association and the remaining 5 reporting no association [including our previous paper (34) ].
The effect of CLA on human breast cancer may be modified by other dietary factors, such as fiber, leaving the possibility that CLA may have different effects when it is part of different food patterns. In general, results should be considered as a contribution 3 Adjusted for age, history of benign breast disease, maternal breast cancer, breast cancer in one or more sisters, age at menarche, age at menopause, oral contraceptive use, parity, age at first childbirth, Quetelet index, education, alcohol use, and current cigarette smoking. 4 Adjusted for age, history of benign breast disease, maternal breast cancer, breast cancer in one or more sisters, age at menarche, age at menopause, oral contraceptive use, parity, age at first childbirth, Quetelet index, education, alcohol use, current cigarette smoking, and total energy intake.
5 Adjusted for age, history of benign breast disease, maternal breast cancer, breast cancer in one or more sisters, age at menarche, age at menopause, oral contraceptive use, parity, age at first childbirth, Quetelet index, education, alcohol use, current cigarette smoking, total energy intake, and total energyadjusted fat intake. 3 Adjusted for age, history of benign breast disease, maternal breast cancer, breast cancer in one or more sisters, age at menarche, age at menopause, oral contraceptive use, parity, age at first childbirth, Quetelet index, education, alcohol use, current cigarette smoking, total energy intake, and total energyadjusted fat intake. to the total evidence on CLA and breast cancer. No piece of evidence is conclusive but must be taken in the context of all the information available on CLA.
In the present analysis, RRs for TFAs were presented. TRANS-FAIR data on fatty acids, used for the NLCS database, were based on concentrations before the end of 1995, when changes in the trans fatty acid content of manufactured consumer products, such as margarines, led to a decrease in the intake of TFAs in the Netherlands and other European countries. Because the follow-up reference period ended in December 1992, this change of TFA content will not have influenced the intakes of our subjects during follow-up. TFAs were positively associated with breast cancer incidence. Most prospective cohort studies addressing the relation between fat consumption and breast cancer did not mention results on TFAs, with the exception of a study in Seventh-day Adventists reporting no relation (8) and the Nurses' Health Study reporting an inverse association with TFAs (9). Two case-control studies (5, 6) did not find a positive association between TFA concentrations in adipose tissue and risk of breast cancer, nor have animal studies produced evidence for a contribution of TFAs to an elevated risk of breast cancer. A conclusion from a review in 1996 (56) was that there is little reason to assume that TFAs are related to risk of cancer in general or breast cancer in particular. An ecologic study that examined the correlation between breast cancer incidence and fatty acid status (as assessed in adipose tissue), however, did find a positive association with TFAs (57) . Similar data on TFA status were also analyzed in a case-control study (7) . In that study, too, TFAs were positively associated with breast cancer risk, in particular in population groups with the lowest linoleic acid status. A clinical study investigated whether the fatty acid composition of adipose tissue is linked to prognoses for women diagnosed with early-stage breast cancer (58) . After an average follow-up of 7 y, no single fatty acid appeared to be associated with survival; however, this lack of association may be attributable to the small number of deaths in that study. On the other hand, the risk of positive lymph node findings was significantly higher for women with high concentrations of oleic acid or saturated fatty acids and lower for women with high TFA concentrations. None of these studies discriminated among the various TFA isomers or examined whether the TFAs were of animal or vegetable origin. One study showed that the correlation between intake and concentration in adipose tissue is much stronger for TFAs of vegetable than of animal origin (58) .
In the present study, no association was observed between intake of linoleic acid and breast cancer incidence. In a review and meta-analysis, linoleic acid showed a negative association with breast cancer in 16 case-control studies but not in cohort studies (59) . However, the results of the Nurses' Health Study show a significant inverse association (9) . Also, no association was found for the fish nϪ3 PUFAs eicosapentaenoic acid and docosahexaenoic acid, whereas significant positive associations with these fatty acids originating from fish were found in the Nurses' Health Study.
Some general remarks about the present analysis on the NLCS have to be made. Loss to follow-up is the primary source of potential selection bias in prospective cohort studies. Given the high completeness of follow-up of the cases and subcohort personyears in the NLCS (34, 38) selection bias is unlikely. In prospective cohort studies, the potential problem of biased recall of past food intake (inherent in case-control studies) is avoided because dietary habits are reported before the disease is diagnosed.
Although not likely, symptoms of breast cancer could have affected food consumption. However, reanalyses of data excluding (arbitrarily) incident cases in the first 2 y of follow-up did not change the results significantly (data not shown). The food-frequency questionnaire used was designed to measure fat intake, among other items. In the validation study, a correlation coefficient of 0.52 was calculated for total energy-adjusted fat intake, probably because of the relatively narrow range of fat intake in our population. The correlation coefficient for energy-adjusted polyunsaturated fat with a much wider range of intake was 0.75 (40) . In addition to a validation study, 5 annually repeated measurements of the food-frequency questionnaire were conducted. From the results, it was concluded that the single measurement of intake of diet in the NLCS can characterize dietary habits for a period of ≥ 5 y (60). Furthermore, our study population consisted of older subjects (aged 55-69 y) who were chosen because, in general, they show more stable dietary habits than younger individuals (36) . A disadvantage, however, is that potential effects of diet early in life cannot be studied. There are no reasons to assume that there is insufficient control of confounding in our analysis. We measured and controlled for the established risk factors of breast cancer. Finally, in the present study, multiple comparisons were made, which could have led to findings caused by chance. However, with 941 breast cancer cases, the power was large.
In conclusion, in this study no evidence was found for a protective effect of CLA on breast cancer incidence in postmenopausal women, as was suggested by animal experiments. If anything, the relation found was positive. The absence of a relation between breast cancer incidence and intake of energy or fat was in line with current opinion. Positive associations were also found for trans unsaturated fatty acids, saturated fatty acids, and trans vaccenic acid. Negative associations were found for monounsaturated and cis unsaturated fatty acids and the specific fatty acids oleic and linolenic acid.
